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Abstract. We provide the first molecular phylogeny of the clerid lineage 
(Coleoptera: Cleridae, Thanerocleridae) within the superfamily Cleroidea to 
examine the two most recently-proposed hypotheses of higher-level classification. 
Phylogenetic relationships of checkered beetles were inferred from approximately 
~5,000nt of both nuclear and mitochondrial rDNA (28S, 16S, and 12S) and the 
mitochondrial protein-coding gene COI. A worldwide sample of ~70 genera 
representing almost a quarter of generic diversity of the clerid lineage was 
included and phylogenies were reconstructed using Bayesian and Maximum 
Likelihood approaches. Results support the monophyly of many proposed 
subfamilies but were not entirely congruent with either current classification 
system. The subfamilial relationships within the Cleridae are resolved with 
support for three main lineages. Tillinae are supported as the sister group to all 
other subfamilies within the Cleridae, whereas Thaneroclerinae, Korynetinae and 
a new subfamily formally described here, Epiclininae subf. n, form a sister group 
to Clerinae + Hydnocerinae.  
 
Introduction 
 
The superfamily Cleroidea is a lineage of primarily predatory, though primitively 
fungivorous, beetles presently regarded as sister-group to Cucujoidea (Kolibáč 1997; 
Leschen 2010). The most recent treatment of Cleroidea lists 11 families containing 
10,224 species and 573 genera (Leschen 2010). Bocakova et al. (2011) recognised three 
additional families (Malachiidae, Dasytidae and Rhadalidae) within a so-called 'melyrid 
lineage'; while Opitz (2010) rejected the family status of Thanerocleridae and the 
monotypic Metaxinidae, the latter without support or comment [note that Metaxina Broun 
was included previously by Crowson (1964) in Thaneroclerinae; see Kolibáč and 
Leschen 2010].  Kolibáč (2004) assigned 15 families to four major cleroid lineages: 
melyrid, trogossitid, clerid and thaneroclerid.  Phylogenies based on adult and/or larval 
morphology revealed the monophyly of a combined thaneroclerid (i.e. Thanerocleridae, 
Chaetosomatidae and Metaxinidae) + clerid (Cleridae) lineage with the former either 
sister to the latter (Beutel & Pollock 2000) or nested within it (Lawrence et al. 2011). 
Cleridae is the second largest cleroid family (after Melyridae sensu Lawrence and 
Leschen 2010) with approximately 3,500 species and 300 genera (Gerstmeier 2000) 
while Thanerocleridae only comprises approximately 30 species in seven genera. Both 
Cleridae and Thanerocleridae are widespread in all non-Antarctic continents with highest 
diversity in the tropics.  Most adult and larval checkered beetles are predatory: their 
larvae feed on xylophagous insects in their tunnels, immature Hymenoptera in nests or 
hives and a range of invertebrate eggs and pupae. Adults are agile hunters of beetles and 
other insects under bark, on felled timber and on foliage or flowers (Champlain 1920; 
Linsley and MacSwain 1943; Clancy 1946; Mamayev 1978; Mawdsley 2002; Bartlett 
2009).  Though numerous anthophilous clerids (mainly Clerinae) hunt other flower-
visiting insects, adults of the Australian genus Eleale Newman, and southern South 
American genera, Calendyma Lacordaire and Epiclines Chevrolat, appear to be 
specialised pollen and nectar feeders (Crowson 1964; Opitz 2002; Solervicens 2007). 
The history of Cleridae systematics can be traced primarily through the contributions 
of Spinola (1841, 1844), Lacordaire (1857), Schenkling (1903, 1910), Gahan (1910), 
Chapin (1924), Böving and Craighead (1931), Crowson (1955, 1964), Winkler (1964, 
1980), Kolibáč (1992, 1997, 1998, 2004) and Opitz (2009, 2010).  Largely based on the 
classification of Chapin (1924), with the inclusion of Böving & Craigheads' (1931) 
Tarsosteninae, the eight subfamily system of Crowson (1964) until recently, has been the 
most widely accepted hypothesis of clerid subfamilies. Crowson’s system included 
Thaneroclerinae, Tillinae, Phyllobaeninae (junior synonym of the currently valid 
Hydnocerinae), Clerinae, Epiphloeinae, Enopliinae, Tarsosteninae and Corynetinae (a 
misspelling of Korynetinae).  Three authors have worked on clerid systematics since 
Crowson.  Winkler (1964, 1980, 1982) erected two new subfamilies and proposed a 
system of neutral terms as an interim measure to show relatedness among higher taxa, 
though none of his concepts were followed.  The morphology-based classifications of 
Kolibáč (1992, 1997) and Opitz (1997, 2009, 2010) represent two recent, and opposing, 
subfamily hypotheses. 
Employing Transformation Series Analysis methods (Mickevich 1982; Buckup & 
Dyer 1991), Kolibáč (1997) grouped all clerid taxa with a reduced fourth tarsomere under 
Korynetinae (synonymising with it Tarsosteninae, Enopliinae and Epiphloeinae) and 
assigned family-status to the clerid subfamily Thaneroclerinae (Kolibáč 1992).  The 
resulting classification, consisting of Tillinae, Hydnocerinae, Clerinae and Korynetinae, 
was based on transformation series of pronotal shape, tarsus, antenna, tegmen and wing 
venation characters. Only Korynetinae was defined by a synapomophy (reduction in size 
of the fourth tarsomeres) while tentative synapomorphies were proposed for 
Hydnocerinae (larvae with endocarina absent and frontal arms U-shaped) (Kolibáč 1997).  
This classification is followed in the recent Handbook of Zoology, Coleoptera (Leschen, 
2010). 
Opitz (2009, 2010), erected an additional three subfamilies and attributed subfamily 
rank to the Isoclerini (of Thanerocleridae), recognised 12 subfamilies (Thaneroclerinae, 
Isoclerinae, Hydnocerinae, Anthicoclerinae, Tillinae, Clerinae, Epiphloeinae, 
Tarsosteninae, Peloniinae, Enopliinae, Neorthopleurinae, Korynetinae).  Several 
subfamily-defining character-states, treated as synapomorphies in Opitz’ (2010) data 
matrix, within the taxon descriptions, are qualified with statements such as "most genera" 
and "almost always", for example, metacoxae with carina for Tillinae and furcal lamina 
[of metendosternite] absent in Epiphloeinae, while another, "pronotal commissure 
partially developed", is only revealed as synapomorphic because the states of the 
character "extent of development of pronotal commissure" are scored in a non-linear way, 
i.e.: 23(0) not developed, 23(1) partially developed; 24(0) not developed, 24(1) fully 
developed.  Opitz’ classification differs from Kolibáč's mainly in the following ways (see 
Fig 1): Thaneroclerinae (incl. Zenodosinae) and Isoclerinae = Thanerocleridae sensu 
Kolibáč 1992; Anthicoclerinae includes genera hitherto assigned to Clerinae; 
Epiphloeinae, Tarsosteninae, Peloniinae, Enopliinae, Neorthopleurinae and Korynetinae 
= Korynetinae sensu stricto (after Kolibáč ).   
Despite these differences in higher classification, the morphology-based phylogenies 
presented by Kolibáč (1992, 1997) and Opitz (2010) are relatively congruent, with the 
exception of the position of Anthicoclerinae (Fig. 1). However, these analyses are 
weighted towards the characters used as taxonomic discriminators between lineages and 
do not provide an unbiased assessment of the phylogenetic relationships.  To date, no 
comprehensive molecular phylogeny of the clerid lineage has been attempted. Hunt et al. 
(2007) included 22 species of clerids and no thaneroclerids in the phylogeny of beetles 
and recovered a sister group relationship between the Cleridae and Melyridae with 
Trogossitidae forming a grade at the base of the Cleroidea. Here we present the first 
molecular phylogeny of the checkered beetles to examine higher level systematics while 
attempting to resolve the relationships among subfamilies. This study complements the 
recent molecular phylogeny of the melyrid lineage (Bocakova et al. 2011).  
 
Materials and Methods 
 
In total, 148 species representing 70 genera of the clerid lineage were collected from all 
continents except Antarctica and preserved in 96% undenatured ethanol. Taxon sampling 
included species from all six subfamilies accepted by Kolibáč (1997) and 10 of 12 
subfamilies accepted by Opitz 2010 (Supporting Information Table S1). Other members 
of Cleroidea were included as outgroups. The total data set included 193 taxa 
representing 11 of 13 cleroid families. A list of taxa, localities, code names, voucher 
location, and GenBank accession numbers is provided in Table S1-2.  
 
DNA amplification and gene sequencing 
 
DNA was extracted from the head and thorax of specimens using a QIAGEN DNeasy 
tissue kit as per standard protocols. The mitochondrial genes, 16S rDNA, 12S rDNA and 
cytochrome c oxidase subunit I (COI), and the nuclear gene, 28S (LSU) rDNA, were 
amplified. A ~1,350 bp fragment spanning partial 16S, tRNA Val and 12S  was amplified 
as a single fragment with the primers ‘16c’ and ‘12sB’ but in some cases was amplified 
in two smaller fragments using the primer pairs ‘16c’ to ‘16z’ and ‘16y’ to ‘12sB’. 
Alternatively, a smaller partial 16S sequence was generated using the primers ‘LR-N-
13398’ and ‘LR-J-12887’. COI was amplified in 2 smaller fragments using the primer 
pairs ‘LCO-1490’ to ‘HCO-700ME’ and  'Jerry' and 'Pat' to produce a 1,500 bp fragment. 
Partial 28S sequences were also generated using 2 alternative primer pairs ‘D1F’ to 
‘D6R’ and '28Sdd' to '28Sff', spanning ~1,300 and ~800 bp respectively to create a 
fragment spanning ~1,700 bp. Primer sequences and references listed in Table S3. 
Bidirectional sequences were aligned to form contigs and edited using Geneious (v5.6; 
Drummond et al. 2012). All sequences are available in GenBank (see S2).  
Amplification and sequencing was carried out in two labs. Australian specimens 
were processed in the Australian National Insect Collection molecular systematics 
laboratory as follows: amplifications were carried out using 1U Taq polymerase (iStar 
HotStart Taq DNA Polymerase, Scientifix DNA Polymerase), 25 μM each dNTP, 0.1 μM 
each primer and 1 μL of template in 25 μL reaction volume. Typical PCR reactions 
(using the primers not specified below sequenced at the University of Kentucky) were 
performed under the following conditions: 2 minutes at 94°C for initial denaturation, 1 
minute at 94°C, 1 minute at 45°C, 1.5–2 minutes (depending on the length of the 
amplifying fragment) at 72°C for 40 cycles and 10 minutes at 72°C for final extension. 
PCR products were purified using EXOSAP-it (Affymetrix). Cycle sequencing reactions 
were performed using the BigDye Terminator v. 1.1 Cycle Sequencing Kit, the products 
of which were purified by alcohol precipitation and sent to JCSMR for sequencing. 
Sequences were edited using Sequencher (v. 4.5; Gene Codes Corporation, Ann Arbor, 
MI, USA). All non-Australian specimens were amplified at the Advanced Genetic 
Technologies Center (AGTC), College of Agriculture, University of Kentucky as 
follows: amplifications were carried out using 0.25 μL TakaraEx Taq polymerase 
(Recombinant Taq DNA polymerase, Takara Bio Inc.), 2.5 μM of each dNTP, 0.1 μM of 
each primer, and 2 μL of template DNA in 50 μL reactions. PCR reactions were 
performed under the following conditions: 1 minute at 94°C for initial denaturation, 50 
seconds at 94°C, 45 seconds at 40°C, 45 seconds at 72°C for 50 cycles for 16S (LR-N-
13398 & LR-J-12887); 1 minute at 94°C for initial denaturation, 45 seconds at 94°C, 45 
seconds at 60°C, 60 seconds at 72°C for 50 cycles for 28S (D1F & D6R); 1 minute at 
94°C for initial denaturation, 45 seconds at 94°C, 45 seconds at 40°C, 45 seconds at 72°C 
for 50 cycles for COI (LCO-1490 & HCO-700ME).  Amplification of PCR products were 
purified and sequenced by AGTC using the ABI Big-Dye Terminator mix v. 3.0.   
 
Multiple alignment and phylogenetic analysis 
 
Sequences of each of the four genes were aligned separately using default parameters of 
MUSCLE in Geneious (v. 5.6; Drummond et al. 2012). Each alignment was edited by eye 
before concatenation of the dataset spanning ~5,000 nt. Only specimens with genetic data 
from at least two genes were included in the analyses. 
The program PartitionFinder (Lanfear et al. 2012) was used to determine the best 
partitioning strategy and nucleotide substitution models for the analysis. The optimal 
partitioning scheme divided the data into six partitions, separating the genes but joining 
tRNA Val and 12S, and further subdividing the separate codon positions of COI. 
However, other partitioning strategies were also tested. Bayesian Inference was 
conducted using MrBayes 3.2.1 (Huelsenbeck & Ronquist 2001, Ronquist & 
Huelsenbeck 2003). Each analysis consisted of 30 million generations with a random 
starting tree, and two simultaneous runs with four Markov chains sampled every 1000 
generations were conducted with unlinked partitions. Stationarity in MCM chains was 
determined in Tracer (Rambaut & Drummond 2007), and burn-in was set appropriately. 
A majority-rule consensus tree was obtained from the two combined runs to establish the 
posterior probabilities of clades. Maximum-likelihood (ML) analyses were performed 
using the RaxML blackbox cluster on the CIPRES portal and the same four partitioning 
strategies. 
 
 
Results 
 
DNA data and alignment 
Lengths of the amplified fragments varied from 707 to 1503 bp for COI, 506 to 1616 bp 
for 16S (sometimes in combination with tRNA and 12S) and 564 to 1504 bp for 28S. The 
total length of the concatenated data set was 4958bp. Base frequencies were almost equal 
in the nuclear gene 28S (A = 23.1, C = 25.9, G = 31.7, T = 19.3), whereas the 
mitochondrial genes 16S (A = 42.5, C = 12.0, G = 6.0, T = 39.4), tRNA Val (A = 43.4, C 
= 9.8, G = 5.1, T = 41.8), 12S (A = 38.9, C = 15.0, G = 7.8, T = 38.3) and COI (A = 31.3, 
C = 15.9, G = 14.2, T = 38.6) showed a higher A-T bias. The full data set consisted of 70 
genera with sequence data for at least two genes and comprised 157 16S sequences with 
84 extending downstream to 12S, 175 28S sequences and 116 COI sequences. Included in 
this dataset were 185 taxa representing both families, Cleridae and Thanerocleridae sensu 
Kolibáč within the clerid lineage, all six subfamilies accepted by Kolibáč (1997) and 10 
of 12 subfamilies accepted by Opitz (2010). The remaining 34 taxa represented outgroups 
within the superfamily Cleroidea (Table S1).  
 
Phylogenetic inference 
 
PartitionFinder selected six partitions (28S, 16S, tRNA Val + 12S, COI 1st codon, COI 2nd 
codon and COI 3rd codon positions) as the optimal partitioning scheme, with nucleotide 
substitution model GTR+I+G for all genes/codon positions. However, analyses using 
different partitioning strategies were also performed on the concatenated data sets (Table 
S4) to test if partitioning strategy had significant influence on topology.  
The resulting topologies were nearly identical with well-supported family and 
subfamily level clades recovered in both Bayesian (Fig. 2) and Maximum Likelihood 
analyses.  Tree topologies varied only with placement of early diverging taxa within 
several poorly supported clades and are indicated by a star in Fig. 2.  For example, the 
position of Tilloidea transversalis (Charpentier) at the base of the Tillinae was 
moderately supported (PP 0.87) in the optimal partitioning scheme yet in all other 
partitions tested this relationship was not recovered. Although there was always strong 
support for the monophyly of Tillinae, a partially resolved polytomy was recovered 
which always supported Monophllya terminata (Say) + Cylidrus centralis Pascoe, and 
Cladiscus obeliscus Lewis + Tillus elongatus (Linnaeus) with varying relationships 
between other taxa. The weakly recovered relationship (PP 0.55) between Tarsostenodes 
Blackburn + Blackburniella Chapin and Thriocerodes Wolcott & Dybas in Fig. 2 was not 
recovered in all analyses. Instead a weakly supported relationship between Tarsostenodes 
+ Blackburniella and Apteropilo Lea was recovered in the “by gene” partition, otherwise 
an unresolved polytomy consisting of Tarsostenodes + Blackburniella, Thriocerodes and 
Apteropilo was recovered. Occasionally weakly supported relationships were recovered 
between the clerine clades that include Ctenoclerus Solervicens + Priocera Kirby and 
Natalis Laporte, Eunatalis Schenkling + Metademius Schenkling; the phylogenetic 
position of Dermestoides Schaeffer was resolved at the base of the larger clade within the 
Korynetinae; or the position of Neoscrobiger Blackburn and Enoclerus nigripes (Say) 
was not resolved. Regardless of these minor differences, the resulting trees always 
supported the monophyly of the clerid lineage as a whole. The Thanerocleridae was 
recovered as a monophyletic lineage within the paraphyletic Cleridae supporting the 
classification system of Opitz (2010) and most previous authors (e.g., Lawrence and 
Newton 1995) that “Thanerocleridae” represents a subfamily within the Cleridae. The 
Thaneroclerinae sensu Opitz was rendered paraphyletic by the inclusion of Isoclerinae 
sensu Opitz. In our analyses, the clerid lineage was divided into five main clades: (i) 
Tillinae, (ii) Thaneroclerinae, (iii) “Clerinae” taxa Eleale + Epiclines + Cleromorpha 
Gorham, (iv) Korynetinae sensu Kolibáč (1997), (v) remaining Clerinae + Hydnocerinae.  
 
Discussion 
 
We present the first multi-gene phylogeny of the clerid lineage to assess relationships 
between the major groupings and address the higher classification.  Monophyly of the 
clerid lineage was recovered in all analyses but interfamily relationships within the 
Cleroidea could not be resolved fully. A melyrid lineage consisting of the families 
Rhadalidae, Mauroniscidae, Prionoceridae, Melyridae, Dasytidae and Malachiidae was 
recovered as monophyletic, consistent with Bocakova (2011). However, Dasytidae was 
rendered paraphyletic by Falsomelyris opaca Schilsky, the only melyrid included. Since 
Bocakova (2011) recovered strongly supported monophyletic family level clades, our  
result is likely to be due to limited taxon sampling within the melyrid lineage. 
Trogossitidae never was recovered as  monophyletic, congruent with previous 
morphological and molecular evidence (Beutel and Pollock 2000; Hunt et al. 2007; 
Lawrence et al. 2011).  
Thanerocleridae was treated as a family containing two tribes, Thaneroclerini  and 
Zenodosini by Kolibáč (1992), both of which were elevated to subfamilies by Bouchard 
et al. 2011. In contrast, Opitz (2010) proposed that Thaneroclerinae and Isoclerinae 
represented two distinct subfamilies within the Cleridae. Our molecular data strongly 
supports Opitz’ (2010) view that the thaneroclerids form subfamily within the Cleridae.  
Whether this lineage represents two distinct subfamilies remains debatable. Preliminary 
evidence based on sequences from only 3 of 7 genera (Isoclerus Lewis, Thaneroclerus 
Lefèbvre and Zenodosus Wolcott) provided some evidence for the division into 
Zenodosinae and Thaneroclerinae proposed by Kolibáč (1997), whereas Opitz’ (2010) 
concept of Thaneroclerinae was rendered paraphyletic by including Isoclerinae. Further, 
Kolibáč (1992); before proposing subfamilies) believed that Zenodosini represented the 
‘basal’ lineage whereas Isoclerini and Thaneroclerini were derived sisters, as supported 
by our molecular data.  
Our analyses recovered the Tillinae as sister to the remaining Cleridae (including 
Thaneroclerinae), a relationship that has not been proposed previously. Morphology-
based phylogenies had recovered the Thaneroclerinae as sister to the remaining clerids 
whereas the Tillinae was a derived clade closely related to the Clerinae. Tillinae also 
were recovered at the base of the clerid clade by Hunt et al. (2007) who did not sample 
Thaneroclerinae rendering deeper relationships within the Cleridae inconclusive. Tillinae 
is the only clerid subfamily in which the procoxal cavities are closed internally 
(“procryptosternum is complete”, see Opitz 2010). Most members of other families 
within the Cleroidea (with the exception of the trogossitid subfamily Rentoniinae) also 
have internally open procoxal cavities (Escalona pers. comm.), so this feature may be 
apomorphic within Cleridae and, as suggested by Opitz (2010), a synapomorphy of 
Tillinae. 
Our analyses divided the remaining subfamilies into two main lineages. The first 
clade contained three monophyletic lineages representing the Thaneroclerinae (including 
Zenodosinae and Isoclerinae), the Korynetinae sensu Kolibáč (1997) and a novel clade 
composed of the clerine genera Eleale, Cleromorpha and Epiclines. The second major 
lineage contained all hydnocerines and the remaining clerines, with neither subfamily 
recovered as a monophylum.  
A most significant difference between the classification systems of Opitz (2010) and 
Kolibáč (1997) is the division by the former of the Korynetinae into multiple subfamilies. 
Under Kolibáč’s system, the subfamilies Epiphloeinae, Tarsosteninae, Peloniinae, 
Enopliinae, Neorthopleurinae and Korynetinae would be classified as a single subfamily 
Korynetinae. DNA sequences are available for 21 genera in this lineage representing all 
subfamilies sensu Opitz except Enopliinae. Korynetinae sensu Kolibáč was recovered 
here as monophyletic with strong support, and is supported also in morphology by the 
synapomorphic reduction of the fourth tarsomere. Of Opitz’ (2010) “korynetine” 
subfamilies, only the Epiphloeinae was recovered here as monophyletic, whereas 
Tarsosteninae, Peloniinae and Neorthopleurinae were recovered as para- or polyphyletic 
with Opitz’ more restricted Korynetinae represented by just two genera (Necrobia Olivier 
and Opetiopalpus Spinola). Taxon sampling within several of Opitz’ (2010) subfamilies 
was limited relative to their overall diversity so rejection may be premature despite our 
molecular results being more congruent with Kolibáč’s (1997) higher classification 
system, wherein the korynetines represent a single subfamily. 
Our DNA results suggest that neither Clerinae nor Hydnocerinae represent 
monophyletic lineages. Instead two clades containing hydnocerines are nested within a 
grade of clades containing most of the Clerinae (excluding Eleale, Cleromorpha and 
Epiclines).  Historically, the Hydnocerinae has been divided into three tribes: Callimerini, 
Hydnocerini and Lemidiini (Kolibáč 1998). The tribes Callimerini and Hydnocerini were 
shown as monophyletic lineages while Lemidiini was recovered as polyphyletic.  
Molecular evidence supported a close relationship between Lemidia Spinola (Lemidiini) 
and Hydnocerini while Callimerini + Eurymetopum Blanchard (Lemidiini) formed a 
closer relationship with the clerine species Orthrius sepulcralis (Westwood) and Opilo 
whitei Gorham.  
Opitz’ (2010) findings indicated that Hydnocerinae and Clerinae (plus 
Anthicoclerinae) both possess two secondary stomodaeal valve lobes (Tillinae and 
Thaneroclerinae have four, and Korynetinae sensu lato lack them entirely). In terms of 
our results (Fig. 2), this distribution of secondary valves among higher taxa suggests that 
the ancestral character state is four lobes with independent reductions in the 
clerine/hydnocerine and korynetine lineages. The reduction from four to two secondary 
valves observed in the clade Clerinae + Hydnocerinae (see Opitz 2010) therefore is 
synapomorphic for this group (which would include Anthicoclerinae if resurrected from 
synonymy with Clerinae – see Bouchard et al. 2011).  Despite this, and as we are unable 
to recognise additional formal suprageneric groupings within Clerinae, we consider it 
premature to make any systematic change to the higher classification of this lineage 
pending more comprehensive investigations. 
Preliminary investigations by Opitz (2003) into the phylogenetic significance of 
morphological traits associated with anthophyly (flower visiting) among clerine genera 
suggested that those taxa possessing a mating-plug type of male spermatophore and 
antennae with peg sensilla (i.e., Trichodes Herbst, Aulicus Spinola, Chilioclerus 
Solervicens, Opilo Latreille, Dieropsis Gahan, Phlogistus Gorham, Phlogistomorpha 
Hintz, Scrobiger Spinola, Trogodendron Spinola, Zenithicola Spinola and Balcus Sharp) 
constitute a monophyletic group.  Of these taxa, we include molecular data from 
Trichodes, Opilo, Phlogistus, Phlogistomorpha, Scrobiger, Trogodendron and 
Zenithicola.  Our results support the monophyly of such a grouping and indicate that 
Odontophlogistus Elston, Olesterus Spinola and Neoscrobiger also belong to that group.  
Along with the anthophylic genera examined by Opitz (2003), these three genera share 
with those studied by Opitz (2003) the following character states: tegmen with 
phallobasic struts fused to phallobasic apodeme, hind wing with closed wedge cell, 
terminal maxillary palpomeres securiform (if slender then not strictly digitiform) (JS 
Bartlett, pers obs.).  We have not determined whether a mating-plug type of male 
spermatophore or antennal peg sensilla are present in Odontophlogistus, Olesterus 
and Neoscrobiger as the former character requires specially preserved specimens (in 
Pampel’s fluid for example) while scanning electron microscopy is required to view the 
latter, but our molecular results and the additional shared morphological features 
suggested a monophyletic flower-visiting clade within clerids. 
Where possible we tested the monophyly of clerid genera. Approximately one quarter 
of described genera were included in this analysis with 23 represented by multiple 
species. Of these genera Isoclerus, Eleale, Apopylus Kolibáč, Apteropilo, Omadius 
Laporte, Thriocerodes and Trichodes each formed monophyletic clades containing at 
least three species. The monophyly of Tenerus Laporte, Megaphloeus Opitz, Priocera, 
Neoscrobiger, Metademius, Trogodendron, Phlogistomorpha and Isohydnocera Chapin 
was supported although only two species of each were included. However, our specimen 
representing Isohydnocera curtipennis (Newman) is in fact a taxon wrongly synonymized 
under an unrelated species of Phyllobaenus Dejean and historically misidentified as the 
quite dissimilar I. curtipennis so the relationship observed here does not confirm the 
monophyly of Isohydnocera.  Eunatalis and Phlogistus were rendered paraphyletic by the 
inclusion of Metademius and Phlogistomorpha respectively and the relationship between 
Callimerus Gorham and Brachycallimerus Chapin remained unresolved. Six Lemidia 
species formed a strongly supported clade to the exclusion of Lemidia hilaris (Newman) 
which formed a weakly supported relationship with the genera of Hydnocerini. Opilo 
whitei formed a close relationship with Orthrius sepulcralis as sister group to the 
Callimerini + Eurymetopum, while Opilo congruus Newman and Opilo sp. 1 were closely 
related forming a strongly supported relationship with Olesterus and Odontophlogistus. 
Enoclerus Gahan, Stigmatium Gray and Phyllobaenus were paraphyletic. Three species 
of Clerus Geoffroy, the type genus of the family, were included in the analysis and a 
monophyletic lineage was not supported. Instead, Clerus gilberti (White), C. 
mutillaecolor (White) and C. mutillarius Fabricius (plus a single unidentified 
Cardiostichus sp.) are dispersed amongst a strongly supported clade containing 14 
species of Stigmatium. Gerstmeier (2002) highlighted the similarity between Clerus and 
related genera while outlining his informal Stigmatium-, Thanasimus- and Omadius-
groups, and transferred several Stigmatium species to Clerus (including C. gilberti and C. 
mutillaecolor of this study). Gorham (1894) was quick to criticise Kuwert's (1894) 
generic revision of the incredibly diverse, and taxonomically confounding, 'Stigmatium 
complex' and clearly the genus-level taxonomy remains largely 'artificial' and many lower 
level systematic boundaries require extensive investigation. Genetic data promises to 
provide a posteriori information to untangle the complexes of species/genera and provide 
a more natural classification.  
The systematics of the Cleridae should be revised to reflect molecular data. Currently 
113 genera are classified within the subfamily Clerinae, of which only 30 are included in 
our phylogeny. Certainly our molecular evidence suggests at least three genera do not 
belong within the Clerinae and that the lineage that contains the 'clerine' genera Eleale, 
Cleromorpha and Epiclines represents a new subfamily.  Calendyma has  
been considered previously to be closely related to Epiclines (Gahan 1910, Solervicens 
2007) and to Eleale (Crowson 1964, Solervicens 2007).  Most significantly, illustrations 
of the reproductive organs of Calendyma, Epiclines and Eleale by Solervicens (2007) 
demonstrated that all have a particular form of tegmen in which the phallobasic apodeme 
is long and connected to the phallobase by a membrane, and the parameres generally are 
lobate and weakly sclerotized.  Additionally parallels may be found with the tegmina of 
Tarsostenodes (Korynetinae) (regarding the lobate form of the parameres) or in those of 
Eunatalis and Eurymetomorphon Pic (Clerinae) (regarding the long apodeme). Kolibáč 
(1997) indicated that this "tegmen in two parts" was unique within Clerinae.  One of us 
(JSB) examined dissected tegmina of all four genera in question, confirming that all 
possess the abovementioned characteristics, although the membranous connection of 
apodeme to phallobase is transparent in Eleale and Cleromorpha, and pigmented in 
Epiclines and Calendyma.  These genera also possess a spicular fork with an isolated 
longitudinal intra-spicular plate; a development known in all Korynetinae sensu lato 
(Opitz 2010) and in the tilline genus Cylidrus Latreille (JS Bartlett, pers. obs.). These 
morphological affinities provide further evidence that a new subfamily is warranted.   
 
 
Epiclininae Gunter, Leavengood & Bartlett, subfam. nov. 
 
Type genus. Epiclines Chevrolat 
 
Differential diagnosis.  
Within Cleridae only the genera of Epiclininae can be defined by the following characters 
in combination: 2-2-2 tibial spur formula; 4-4-4 tarsal pulvillar formula; tarsal claw 
without basal denticle; eyes finely facetted and deeply emarginated; elytral punctation 
non-striate; male tegmen with long apodeme membranously connected to phallobase. 
 
Description.  
Head. Eyes finely facetted, emarginate; labium with terminal palpomeres securiform; 
maxillae with terminal palpomeres digitiform, lacinae longer (Calendyma) or shorter 
(Epiclines, Eleale, Cleromorpha) than palpi; frons slightly extended anteriorly (except 
Cleromorpha); clypeal anterior margin straight or weakly curved (not strongly concave); 
gular sutures convergent basally, sub-parallel anteriorly, gular process consisting of a pair 
of well-separated nodes; antennae 11-segmented, flagellum graduating in thickness from 
segment three or eight, terminal segments often forming a compact (Eleale, 
Cleromorpha, Calendyma) or loose (Epiclines) club.   
Thorax. Prothorax subparallel or rounded laterally, without distinct lateral tubercles or 
baso-lateral pits; subapical depression indistinct medially; basal collar shallow or 
indistinct; procoxal cavities closed (Eleale, Cleromorpha) or open (Calendyma, 
Epiclines). Elytra punctate or not, when present punctations not striate; hindwing with 
wedge cell closed basally. Tibiae longitudinally carinate (Eleale) or not carinate 
(Cleromorpha, Epiclines, Calendyma); tibial spur formula 2-2-2; tarsomere formula 5-5-
5, fourth tarsomere not cylindrically diminished, meta-basitarsi long or short; tarsal 
pulvillar formula 4-4-4 (pulvilli of Cleromorpha less lobate); claw simple, without basal 
denticle.   
Abdomen. Six visible sternites. Tegmen with long apodeme (at least half tegminal 
length), phallobasic struts not confluent with apodeme, parameres broad lobe-like (less so 
in Cleromorpha), membranous connection of phallobase to apodeme at least partly 
transparent (Eleale, Cleromorpha) or not transparent (Calendyma, Epiclines); spicular 
fork with long apodeme and isolated longitudinal intraspicular plate. 
 
Comments. Synapomorphies are not known. The most obvious apomorphic 
morphological characteristics observed within the group (i.e., elongated lacinae, tegmen 
with transparent membrane connecting phallobase with apodeme) are not evident among 
all included taxa.  Synapomorphous character-states may be revealed if the morphology 
of the group were thoroughly reviewed. 
 
Included taxa. Seventy described species are currently recognized as valid. They are 
assigned to four genera: Epiclines Chevrolat (7 spp.), Calendyma Lacordaire (3 spp.), 
Eleale Newman (59 spp.) and Cleromorpha Westwood (1 sp.). 
 
Distribution. Eleale and Cleromorpha are endemic to Australia (Cleromorpha being 
absent from Tasmania) whereas Epiclines and Calendyma occur in Chile and Argentina 
(Corporaal 1950). The distribution of Epiclininae subfam. nov. implies a southern 
Gondwanan origin.  Fossil representatives are not known (Opitz 2007). 
 
Nomeclatural remarks. The issue of authority of the newly proposed subfamily, 
Epiclininae, requires explanation. The name was used first by Crowson (1964: 311), 
who wrote "The Phyllobaeninae were until recently known as Hydnocerinae, while the 
name Epiclininae is now applied to what were called Phyllobaeninae".  For the following 
reasons it is clear that Crowson's Epiclininae can be considered a lapsus calami and that 
he was actually referring to Epiphloeinae: 1) The taxon Epiphloeinae is currently applied 
to what was once referred to as Phyllobaeninae (Corporaal 1950: 2) there is no mention 
of Epiclininae in his key to subfamilies, but Epiphloeinae is included; 3) on page 312 he 
writes "the entirely American Epiclininae" - the only New World-restricted clerid higher 
taxon is Epiphloeinae; 4) Crowson does not formally propose Epiclininae as a new 
subfamily, or mention the genus Epiclines Chevrolat, in his paper.  Regardless of 
Crowson's intention, Epiclininae Crowson would be considered available if it qualified in 
accordance with the Code.  Availability of a family-group name is dependent on whether 
the name of its type genus can be considered to have been valid in the new family-group 
taxon at the time of its formation (ICZN 2000).  Article 11.7.1.1 states that, unless there 
is evidence to the contrary, the use of the stem Epiclin- alone is evidence that Crowson 
considered  Epiclines to be valid within 'Epiclininae'.  The fact that Epiclines Chevrolat 
was placed in Clerini by Lacordaire (1857), and has since been associated with only 
Clerinae (Gahan 1910, Corporaal 1950, Solervicens 1973), provides evidence to the 
contrary.  Furthermore, Crowson could not have based Epiclininae on Epiclines [sensu] 
Spinola, which Wolcott (1944) listed as a synonym of Eurycranium Blanchard (now 
Eurymetopum Blanchard, see Solervicens 1986) of the subfamily Phyllobaeninae (now 
Hydnocerinae, not Epiphloeinae), as it is not an available name.  Therefore we deem 
Epiclininae Crowson, 1964 to be unavailable and hereby propose the new family-group 
name Epiclininae Gunter, Leavengood & Bartlett subfam. nov.  
 
Conclusion 
 
Previous attempts to resolve the phylogeny of the checkered beetles were based 
exclusively on morphology. Unfortunately, given the nature of traditional classification 
systems based around morphology, these phylogenies tended to be weighted towards 
characters used to divide the subfamilies resulting in non-independent tests of 
relationships. This study represents the first assessment of clerid relationships based on 
molecular evidence. Taxon sampling at a generic level was relatively comprehensive with 
approximately one quarter of the described genera within the clerid lineage sampled with 
relatively even coverage proportional to the proposed subfamilies of both Kolibáč and 
Opitz. Gene selection was appropriate to recover deeper and shallow level divergence as 
almost all nodes were well supported when taxon sampling was sufficient. In the future, 
broader taxon sampling to incorporate more genera from the subfamilies Clerinae and 
Hydnocerinae may resolve the current paraphyly or confirm that they truly represent a 
single subfamily. Until such extensive sampling is available we propose to maintain these 
two subfamilies as distinct lineages for the ease of classification. Our results indicate that 
Thaneroclerinae (including Isoclerinae or Zenodosinae) represents a single subfamily 
within the Cleridae and is congruent with the tribal division already existing. Until further 
taxon sampling of the Korynetinae and allies is conducted we cannot reject the 
classification of Opitz (2010), however, molecular results are congruent with the 
hypothesis of Kolibáč (1997) in that Korynetinae represents a single subfamily which 
includes Opitz’ Epiphloeinae, Tarsosteninae, Peloniinae, Enopliinae and 
Neorthopleurinae. It is clear that the Eleale, Cleromorpha and Epiclines do not belong 
within the Clerinae and instead represents a new subfamily, Epiclininae subfam. nov. in 
which we include Calendyma. Such insights into the systematics of the Cleridae may 
have remained unnoticed without the incorporation of molecular data. This phylogenetic 
hypothesis provides a solid framework for resolving other taxonomic issues within the 
Cleridae.   
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Figure Legends 
 
Fig 1. Comparision of morphology-based phylogenies and classification systems of 
Kolibáč and Opitz 
 
Fig 2a.  Consensus tree based on the Bayesian analysis of the optimal partitioning 
strategy predicted by PartitionFinder. Posterior probabilities are indicated at the nodes 
followed by ML bootstrap if supported. Subfamily classification is colour-coded by the 
two main alternate classification systems K: sensu Kolibáč (1997) and O: sensu Opitz 
(2010). Stars represent nodal relationships that were not supported by all partitioning 
strategies. Outgroup families are abbreviated as follows, Ac: Acanthocnemidae; Tr: 
Trogossitidae; Ph: Phloiophilidae; Rh: Rhadalidae; Mau: Mauroniscidae; Pr: 
Prionoceridae; Me: Melyridae; Da: Dasytidae and Ma: Malachiidae. 
 
Fig 2b.  Consensus tree based on the Bayesian analysis of the optimal partitioning 
strategy predicted by PartitionFinder. Posterior probabilities are indicated at the nodes 
followed by ML bootstrap if supported. Subfamily classification is colour-coded by the 
two main alternate classification systems K: sensu Kolibáč (1997) and O: sensu Opitz 
(2010). Stars represent nodes relationships that were not supported by all partitioning 
strategies. 
